We examine the role of the Λ(1405) in kaon-nucleon scattering lengths using chiral perturbation theory. The leading nonanalytic SU(3) corrections reduce the coupling of the Λ(1405) to KN compared to Σπ. S-wave K − p scattering is the only channel significantly affected by the Λ(1405) pole which substantially cancels against the leading term fixed by the vector current. This cancellation and the close proximity of the Λ(1405) pole makes this SU(3) correction to a(K − p) large and at lowest order leaves the sign of a(K − p)
The effects of the Λ(1405) (denoted below by Λ * ) with J π = 1/2 − on kaon-nucleon scattering lengths have been discussed recently [1] - [3] in relation to the possibility of kaon condensation in dense nuclear matter [4] - [14] . The question of whether a kaon condensate forms requires knowledge of the scattering amplitudes of offshell kaons on nucleons at finite density. It is desirable to make a model independent investigation of this phenomenon using only the symmetries of QCD, exploited by the chiral lagrangian. By construction, there will be unknown quantities that must be determined by comparison with experimental data.
We will investigate how the KN scattering lengths as presently determined constrain the offshell behaviour of these scattering amplitudes. The Λ * spin and parity are such that K − p scattering through this resonance occurs in an S-wave and its close proximity to the K − p threshold (∼ 30MeV) requires that it be included in any consistent analysis of kaon-nucleon scattering (for the role of the Λ * on kaonic atoms see e.g. [15] and references therein.). Furthermore, its contribution to K − p scattering substantially cancels against the leading term arising from the vector current. The pole enhancement of the Λ * contribution and the large cancellation between terms suggests that small changes in the Λ * coupling to KN may be important. In this letter we compute the leading SU(3) violation in the Λ * coupling to octet baryons in chiral perturbation theory and their effects on kaon-nucleon scattering lengths. Also, at lowest order we extract a linear combination of unknown constants in the offshell scattering amplitudes from the onshell K + N scattering lengths and discuss the recent claims [2] [3] [10] about calculability of these higher order terms in the chiral expansion.
The dynamics of the pseudo-Goldstone bosons associated with the spontaneous breaking of SU (3) L ⊗ SU (3) R chiral symmetry to SU (3) V are described by the lagrange density
where Σ = exp (2iM/f ) is the exponential of the meson field where
f is the meson decay constant (f π = 132MeV) and m q is the light quark mass matrix. The dots denote terms higher order in the chiral expansion containing more derivatives or more insertions of the light quark mass matrix. The lowest order chiral lagrangian describing low momentum interactions of the pseudo-Goldstone bosons with the lowest lying baryons of velocity v is (for a review see [16] )
where S µ is the spin operator,
current. The octet baryons are denoted by the field
and the decuplet of baryon resonances is denoted by the field T The width of the Λ * is dominated by the strong decay Λ * → Σπ determined by g Λ * at lowest order in the chiral expansion. In the limit of exact flavour SU(3) the couplings g Λ * , g Λ * (Σπ) ( the coupling to Σπ ) and g Λ * (N K) ( the coupling to N K ) are all equal.
However, SU(3) breaking arising from the difference between the mass of the strange quark and the mass of the up and down quarks gives rise to a difference between these couplings. As g Λ * (N K) is the coupling constant relevent for KN scattering it is important to estimate the size of this SU(3) breaking. The leading nonanalytic SU(3) violations to the Λ * couplings arise from the graphs shown in fig. 1 . As the Λ * is not an asymptotic state we do not include its wavefunction renormalisation in the computation (if we were to treat it as an asymptotic state then as it is an SU(3) singlet its wavefunction renormalisation does (3) is a factor of √ 2 larger than that defined in [2] .
not contribute to SU(3) violating observables at lowest order.) . The one-loop coupling constant g Λ * (BM ) (coupling of the Λ * to an octet baryon B and pseudo-Goldstone boson
O M are the contribution from the wavefunction renormalisation of the meson fields fig. 1(a) and are
while the contribution from the wavefunction renormalisation of the octet baryons fig. 1(b) can be found in [16] , and are
We have only retained the nonanalytic contributions from the K and η loops using M 
where the function
where we have only retained the leading nonanalytic terms. The last contributions arise from the axial coupling to three mesons fig. 1 (d) and are
which is an equal and opposite contribution to that from O M (this is also true for the contributions from the π's). 
where C n,p are unknown constants arising at order Q 2 which we will discuss subsequently (at order Q 3 and higher the constant C p for K + scattering will be different from that for K − scattering but at order Q 2 they are equal). The factor of M N /(M N + M K ) is kinematic in origin and is retained explicitly. It comes as no surprise that a new scale, fig.2 in [21] ). If we set C p = 0 in expression (12) then we would find
which is insensitive to g Λ * and its associated uncertainties as it is far from the Λ * pole (f = f π ). Neglecting the dependence upon g Λ * we find that 1 4π
Though not surprising, it is somewhat disturbing that this higher order term contributes ∼ 50% of the leading amplitude (it is expected to be smaller than the leading term by
from dimensional analysis) . It is interesting to ask about predictions
we can now make about the K − p scattering length a(K − p). Using (12) and the central values for C p (14) and g Λ * (BM ) (11) we find that
which is very sensitive to the choice of g Λ * due to the close proximity of the Λ * pole and the large cancellation that occurs between this term and the tree-level contribution. It is clear that at this order we are not in a position to make a reliable prediction about either the sign or magnitude of the K − p scattering length due to the expected large size of corrections. This is in contrast to the results of [2] where the sign of Re(a(K − p)) is found to be negative. Thus a(K − p) does not provide a good diagnostic with which to test convergence of the chiral expansion and also cannot be used to determine unknown counterterms.
The same procedure can be applied to the kaon-neutron scattering lengths in (12) .
Scattering amplitudes for K + n are found from K + d scattering after removing the proton contribution (see [22] ). The extracted scattering lengths for such processes have significant uncertainties and model dependences. For our purposes we assume that a(K + n) (which has both isospin 0 and 1 contributions) lies between −0.15 fm and −0.30 fm (estimated from fig.2 in [21] ). We fit the constant C n from this scattering length as there are no pole graphs that can contribute significantly to this amplitude. If we set C n = 0 then we find a(K + n ; C n = 0) = −0.29 fm (16) which leads to −0.01 fm < ∼ 1 4π
These in turn lead to predictions for the K − n scattering lengths at leading order of
One might be a bit nervous about these predictions for the same reasons that the predictions for the a(K − p) are unstable to higher order corrections. However, the nearest confirmed S-wave I = 1 resonance is the Σ(1620) (J π = If we are interested in possibility of kaon condensation in dense nuclear matter then it is the scattering amplitudes for offshell kaons that are required. In order to make progress in this direction we need to understand the origin of the constants C n,p appearing in (12) .
At order Q 2 the lagrange density responsible for C n,p is given by
where a 1,2,3 and d 1,..8 are unknown constants that must be determined experimentally and
The coefficients a 1 and a 2 can be determined from the octet baryon mass splittings [23] where it is found that m s a 1 = −65MeV and m s a 2 = −125MeV. a 3 is the"sigma term" which does not contribute to mass splittings but can be measured by low energy πN scattering where it is found to be sensitive to kaonic loop corrections [23] [24] .
It is important to stress that the coefficients d i are not calculable from chiral symmetry arguments alone and in particular there is no sense in which they can be computed as has been claimed in [2] and discussed in [10] [3].
2 The constants C p,n determined by (17) and (14) constrains two linear combination of the a i and d i given by
where m s is the mass of the strange quark and we have neglected the mass of both the up and down quarks. In conclusion, we have computed the leading nonanalytic SU(3) violating corrections to the Λ * coupling constant. We find that the Λ * coupling to KN is suppressed relative to its coupling to Σπ. The substantial cancellation between the tree-level and Λ * contributions to the K − p scattering amplitude and the close proximity of the Λ * pole to the N K threshold enhances the effect of this SU(3) correction. We fit two linear combinations of coefficients of higher dimension operators to a(K + p), a(K + n) and find that the sign of a(K − p) cannot be determined at this order contrary to the result of [2] . We also stress that the coefficients of higher dimension operators required to compute offshell scattering amplitudes important for kaon condensation cannot be calculated from chiral symmetry arguments. Corrections to our results arising from loop graphs and higher dimension operators are expected to be suppressed by only M K /Λ χ log M 2 K /Λ 2 χ compared to the C n,p and may be significant. http://arXiv.org/ps/hep-ph/9404285v1
